The unique (n, m) SWCNTs have both left-and right-handed helicity and they are enantiomers, and unique chiral SWCNTs with single helicity haven't achieved yet. In our studies the aromatic fluorescence molecule, (R+) 5 -Hexachloro-Fluorescein Phosphoramidite (HEX), was linked to DNA, and this new polymer could help us to get unique chiral SWCNT (11,1) with only right-handed species, and this result is confirmed by AFM, HRTEM, NIR, SRCD, and Raman studies.
INTRODUCTION
It is known that the physical properties of single-walled carbon nanotubes (SWCNTs) depend on their unique chirality (m, n). 1 However, SWCNTs are typically grown as mixtures of tubes with variable diameter and chirality, and the presence of multiple chirality SWCNTs in sample became a major barrier to realize their exceptional electronic and mechanical properties in applications. Therefore, methods to get unique chirality SWCNTs have been extensively investigated in past few years. 2 To date, Zheng et al. set up a strong DNA library and they have identified some short DNA could recognize unique chirality SWCNTs from their synthetic mixtures. [3] [4] [5] [6] It should be noted that these DNA could not further separate the lefthanded and right-handed species from unique chirality SWCNTs and the same situations happened to aromatic polymers and amphiphiles which could recognize unique chirality SWCNTs but could not distinguish left/right enantiomers. [7] [8] [9] [10] Recently, Naoki Komatsu's group developed a novel method to separate SWCNTs enantiomer via chiral gable-type diporphyrins, where the S and R type diporphyrin molecules can distinguish the right-and lefthanded SWCNTs, respectively. [11] [12] [13] However, such chiral diporphyrin molecule are not easy to get, and the such small molecules could not sort SWCNTs with unique chirality, i.e., they can only sort left or right handed SWCNTs but the chirality (m, n) is not uniform. Could we find an approach to sort left/right handed SWCNT * Author to whom correspondence should be addressed.
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with unique chirality? In this paper, we have tried to link a fluorescence molecule, (R+) 5 -Hexachloro-Fluorescein Phosphoramidite (HEX), to the 5 terminal of single strand DNA (GT) 50 . HEX molecule with aromatic structure can stack SWCNTs by -interaction as well as DNA(GT) 50 . Very interestingly, we found that HEX-DNA(GT) 50 could sort unique right-handed (11,1) SWCNT from the raw SWCNTs synthesized via Hipco methods. Base this way we can move forward the separation of single species of SWCNTs which are with unique chirality (m, n) and single enantiomer.
MATERIALS AND METHODS

Method to Prepare Sample
Single strand DNA, poly (GT) 50 with HEX (DNA-HEX) was purchased from Invitrogen (molecular weight 33 KDa), single wall carbon nanotubes synthesized via the HiPCO method (SWCNTs, purity 90%) were purchased from Carbon Nanotechnologies Inc. In a typical method, 10 ml de-ionized water containing 6 M DNA-HEX and 0.015 mg SWCNTs were prepared. The resulting solution was placed in an ice-bath and ultra-sonicated for 30 minutes under 40 W microwave output. After that, the DNA-HEX-SWCNTs solution was centrifuged at 10,000 g for 1 hour to discard the free-standing SWCNTs. The free DNA-HEXs were removed by dialysis. At the end of the process, the DNA-HEX-SWCNTs were well-dispersed in the solution. 
NIR Studies
Near-infrared (NIR) photoluminescence of samples was tested by NIR-FP NanoSpectralyzer. Excitation laser is 658 nm and the NIR emission is scanned from 6000∼11,000 cm −1 .
Raman Studies
Raman spectra of samples was obtained using Renishaw invia plus reflex Raman confocal microscope using Ar (514 nm) lasers, 10 mW. A small quantity of sample was injected into a quartz micro-sample vessel and sealed by a quartz slice, which assures the system stabilization during the course of testing. The Raman spectra were collected in a backscattering geometry using a 50X objective lens giving a spot diameter of approximately 2∼5 m. Each spectrum was recorded with 10 seconds exposure time and 1 accumulation.
SRCD Studies
Synchrotron radiation circular dichroism (SRCD) signal were obtained by Beijing Synchronization Facility, which is more sensitive to other commercial source. The wavelength range is from 200 nm-330 nm. The result is average value of ten measurements. images were obtained using Tecnai G2 F20 S-Twin high resolution transmission electron microscopy in the 200 KV accelerating voltage.
HRTEM Studies
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RESULTS AND DISCUSSION
DNA-HEX-SWCNTs were formed via DNA-HEXstacking of SWCNTs. After ice-bath ultra-sonication, DNA-HEX-SWCNTs well dispersed in solution with gray color. The free SWCNTs and DNA-HEX were removed by centrifuged and dialysis, respectively. The last DNA-HEXSWCNTs solution is very stable due to the positive charge of DNA ensure the DNA-HEX-SWCNTs well dissolved in solution.
In principle, we know the base of DNA and the sidewall of SWCNT could form -stacking and SWCNTs were wrapped by DNA. 3 4 The AFM image of DNA-HEXSWCNTs in Figure 1 (a) showed that samples are well dispersed on mica. Figures 1(b) and (c) gives the AFM image of two individually dispersed SWCNTs, the height of two DNA-HEX-SWCNT is 1.89 nm and 1.35 nm, respectively. Figures 1(d) and (e) are the height and phase images of same DNA-HEX-SWCNT, respectively, which show DNA wrapping around the SWCNT. In Figures 1(b) Figure 1 (f) and height result is shown in Figure 1(g) , the height changed in regular waveform which further confirmed our speculation: SWCNTs are coated by one or two thickness of single strand DNA. More measurements of DNA-HEX-SWCNT height are carried in Figures 1(h) and (i), and the results are displayed in Figures 1(g) and (k), respectively. For SWCNT coated one thickness of DNA, the average data is (1 350 + 1 396 + 1 388 nm/3 = 1 378 nm. For the SWCNT coated two thickness of DNA, the data is (1 825 + 1 858 + 1 852) nm/3 = 1 845 nm. Thus the DNA thickness is (1 845 − 1 378) nm = 0 467 nm, and the SWCNT diameter is (1 378 − 0 467) nm = 0 911 nm. Near-infrared (NIR) photoluminescence is one of the important tools for nanotube (n, m) characterization. The spectral range of NIR can vary between 0.8 and 2.1 micrometers depending on the nanotube structure. The SWCNTs show abundant (n, m) when been dispersed in surfactant such as SDS, and these nanotubes are with wide distribution chirality and their diameter spanning from 0.76 to 1.24 nm. 14 15 The NIR of DNA-HEX-SWCNTs were shown in Figure 2 (a), the (11, 1) SWCNTs are mainly abundant. Figure 2(b) shown that the diameters of these (11, 1) SWCNTs are about 0.92 nm which close the AFM results. Our products are greatly narrowed in the chirality (m, n) and tube diameter when compared to the original primitive HIPCO-SWCNTs. 1 The most abundant one is (11, 1) SWCNTs which are with about 50% in our products, see Figure 2 
(b).
Compared with NIR studies, we can also obtain similar results by Raman Studies. Raman spectra are a very good technique to characterize carbon nanotube structure. Radial breathing mode (RBM) corresponds to radial expansion-contraction of the nanotube. Therefore, its frequency RBM (in cm −1 depends on the nanotube diameter d (in nanometers). Further, chirality (n, m) can also be estimated by RBM calculating. Figure 3(a) shows the Raman signal of the original SWCNTs, the inset shows the RBM of original SWCNTs. There are four major peaks in the RBM spectrum, we can conclude that the primitive materials contain SWCNTs with different chiral parameter and different diameters. Figure 3(b) shows the Raman signal of the DNA-HEX-SWCNTs, the inset shows the RBM of the DNA-HEX-SWCNTs. We find that only one peak, 256 cm −1 , in the RBM of DNA-HEX-SWCNTs. The other signals are disappear in this figure and this implied our method could sort SWCNTs. For the isolated SWCNTs, the diameter of tube was derived by following formula: 
Where a c−c is the nearest neighbor C-C distance (0.142 nm), n and m are the chiral index of SWCNT, RBM is the radial breathing mode frequency, d is the nanotube diameter (nm), A and B are empirically derived parameters. A at 223.5 cm −1 and B at 12.5 cm −1 fit to those carbon nanotubes. 16 As Figure 3(b) shows the peak of RBM is 256 cm −1 , taking the 256 cm −1 into formula (1) and (2), we can get a diameter d = 0 91 nm and two possible (n, m), which is (11, 1) and (9, 4) . Combine the results of aforementioned NIR spectra, (11, 1) SWCNT were the only selection in our solutions because the (9, 4) have smaller diameter and it doesn't match NIR and AFM result.
NIR and Raman studies revealed the SWCNTs are with chirality of (11, 1), but they may complex of both left and right handed SWCNT as results of Zheng et al. [3] [4] [5] [6] We need proof our DNA-HEX can pick the right or left handed (11, 1) (SRCD) is a sensitive tool to distinguish the right or left structure of SWCNT. We use SRCD to observe that if the DNA-HEX sorts the right handed SWCNTs. Figure 4 showed the SRCD signal of DNA-HEX-SWCNTs, the 252 nm, 265 nm, and 278 nm are three primary peaks in the spectra. Previous experiment research indicates that 280 nm is the signal of DNA, 17 18 240 nm is close to the CD signal of SWCNT by calculating, 19 and 270 nm is coupling peak of DNA and SWCNT. 20 In our experiment result, pure DNA-HEX has a 284 nm peak (Fig. 4) . When wrapped the SWCNT, the DNA-HEX signal blue shift to 278 nm, while the SWCNT signal red shift (252 nm) compare to previous calculating results (240 nm). The most important is that the coupling peak of DNA-HEX and SWCNT (265 nm) also blue shift a little from our previous sample which is DNA-SWCNT without HEX. 20 We deduce the HEX is the key to the peak shift. HEX has three benzenes and the side heterocyclic structure, which cooperate with the DNA and provide more -stacking with sidewall of SWCNT. Such interactions make HEX electron cloud inclined to the SWCNT and result the energy band of SWCNT narrow, so the SRCD signal of SWCNT red shift. In addition, the electron of SWCNT shift to DNA-HEX makes their energy band wide thus the DNA-HEX blue shift. The Figure 4 also indicates SWCNTs peak at 252 nm is with positive value which match characteristics of the theory studies, e.g., they are right handed, 19 this imply the DNA-HEX have picked the right-hand chiral (11, 1) SWCNTs.
HRTEM studies provide direct proof of right handed DNA-HEX sorting the (11, 1) SWCNTs. Figure 5 show the HRTEM image of DNA-HEX-SWCNTs, which gives that DNA-HEX wrapped the SWCNT by the way of right-hand helicity. From the HRTEM image, we can also measure the diameter of SWCNT, the diameter is about 0.9 nm, which is close to the result of NIR, Raman calculation and AFM measurements.
CONCLUSION
In conclusion, we report a simple way to select the chiral (11, 1) SWCNT with only right-handed species. AFM give the diameter of this SWCNT, Raman and NIR spectra give the (n, m) and diameter index of the SWCNT, SRCD signal shows the right-hand parameter of SWCNTs. HRTEM also give direct proof that DNA wrapping the SWCNT by right-hand helicity. We know that the unique (n, m) SWCNTs have both left-and right-handed helicity and they are enantiomers. In the previous research, DNA molecule can sort unique (n, m) SWCNTs but they couldn't separate the left-and right-handed SWCNTs. In our studies the aromatic fluorescence molecule (HEX) was linked onto DNA, and this new polymer could help us to get unique chiral (11, 1) SWCNT with only right-handed species. Such unique SWCNTs are with versatile property and have wide applications in biologic and electronic field. [21] [22] [23] [24] [25] 
